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(57) Abstract: Disclosed is a method and compositions for the sensitive detection of the amount and location of specific nucleic 
acid sequences. The method makes use of a branched oligomer, referred to as a lollipop oligomer, that has a tail portion, a right 
arm portion, and a left arm portion. These three components are joined at a common junction making a three-tailed structure. The 
two arms each end with sequences complementary to adjacent sequences in a target sequence. This allows the right and left arms 
to be ligated together when the oligomer is hybridized to the target sequence, thus topologically linking the oligomer to the target 
sequence. The tail portion can then be detected at the location of the target sequence. 
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SIGNAL AMPLIFICATION WITH LOLLIPOP PROBES 
FIELD OF THE INVENTION 

The disclosed invention is generally in the field of assays for detection of 
nucleic acids, and specifically in the field of nucleic acid amplification. 
5 BACKGROUND OF THE INVENTION 

A number of methods have been developed which permit the implementation of 
extremely sensitive diagnostic assays based on nucleic acid detection. Most of these 
methods employ exponential amplification of targets or probes. These include the 
polymerase chain reaction (PCR), ligase chain reaction (LCR), self-sustained sequence 

10 replication (3SR), nucleic acid sequence based amplification (NASB A), strand 

displacement amplification (SDA), and amplification with QP replicase (Birkenmeyer 
and Mushahwar, 7. Virological Methods, 35:117-126 (1991); Landegren, Trends 
Genetics, 9: 199-202 (1993)). 

While all of these methods offer good sensitivity, with a practical limit of 

15 detection of about 100 target molecules, all of them suffer from relatively low precision 
in quantitative measurements. This lack of precision manifests itself most dramatically 
when the diagnostic assay is implemented in multiplex format, that is, in a format 
designed for the simultaneous detection of several different target sequences. 
Fluorescence in situ hybridization is a useful method of determining the 

20 physical position of sequences relative to each other in the genome. However, the 

ability to detect sequences decreases as the size of the target sequence decreases so that 
detection of targets that are less than 500 bases in length is very difficult or impossible. 

Rolling Circle Amplification (RCA) driven by DNA polymerase can replicate 
circular oligonucleotide probes with either .linear or geometric kinetics under isothermal 

25 conditions (Lizardi et al„ Nature Genet. 19: 225-232 (1998); U.S. Patent No. 5, 

854,033 to lizardi; PCT Application No. WO 97/19193). If a single primer is used, 
RCA generates in a few minutes a linear chain of hundreds or thousands of tandemly- 
linked DNA copies of a target which is covalently linked to that target. Generation of a 
linear amplification product permits both spatial resolution and accurate quantitation of 

30 a target. DNA generated by RCA can be labeled with fluorescent oligonucleotide tags 
that hybridize at multiple sites in the tandem DNA sequences. RCA can be used with 
fluorophore combinations designed for multiparametric color coding (PCT Application 
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No. WO 97/19193), thereby markedly increasing the number of targets that can be 
analyzed simultaneously. RCA technologies can be used in solution, in situ and in 
microarrays. In solid phase formats, detection and quantitation can be achieved at the 
level of single molecules (tizardi et al., 1998). 
5 ligation-mediated Rolling Circle Amplification (LM-RCA) involves 

circularization of a probe molecule hybridized to a target sequence and subsequent 
rolling circle amplification of the circular probe (U.S. Patent No. 5, 854,033 to Lizardi; 
PCT Application No. WO 97/19193). During amplification, the probe can become 
separated from the target sequence as it rolls. This can diminish the quality of spatial 

10 information obtained about the target. 

It is therefore an object of the present invention to provide a method and 
compositions for detecting nucleic acid sequences in situ with a combination of 
specificity and sensitivity. 

It is another object of the present invention to provide a method and 

15 compositions for detecting the amount and location of nucleic acid sequences with a 
combination of specificity and sensitivity. 

BRIEF SUMMARY OF THE INVENTION 
Disclosed is a method and compositions for the sensitive detection of the 
amount and location of specific nucleic acid sequences. The method makes use of a 

20 branched oligomer, referred to as a lollipop oligomer, that has a tail portion, a right arm 
portion, and a left arm portion. These three components are joined at a common 
junction making a three-tailed structure. The two arms each end with sequences 
complementary to adjacent sequences in a target sequence. This allows the right and 
left arms to be ligated together when the oligomer is hybridized to the target sequence, 

25 thus topologically linking the oligomer to the target sequence. The tail portion can then 
be detected at the location of the target sequence. By using the tail of the oligomer to 
prime rolling circle replication of a DNA circle, a long tandem repeat DNA is 
associated with the target sequence. Rolling circle replication does not disturb 
association of the arms and the target sequence, thus maintaining close association of 

30 the tandem repeat DNA and the target sequence. 

The topological locking of the probe to the target is important for detection 
systems in which the amplified product may float away from the target. This may 
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happen if the target sequence is extremely small or if the assay is being preformed on a 
substrate such as a metaphase chromosomes or any array that does not trap the tandem 
repeat DNA. By using multiple different primer (tail) sequences and corresponding 
DNA circles the method can be multiplexed, with the amplification product of each 

5 different circle being separately detectable. Lollipop oligomers can be circularized by 
chemical or enzymatic ligation. 

The disclosed method is useful for detecting any desired sequence. In 
particular, the disclosed method can be used to localize or amplify signal from any 
desired sequence. For example, the disclosed method can be used to probe transgenic 

10 cells, bacterial or yeast colonies, cellular material (for example, whole cells, DNA 

fibers, interphase nuclei, or metaphase chromosomes on slides, arrayed genomic DNA, 
RNA). The disclosed method is particularly useful for detecting sequence variants of a 
target sequence. For example, insertions, deletions, repeats, and single nucleotide 
polymorphisms (SNP), can be detected. Specificity of these detections is aided by 

15 sensitivity of ligation of the arm ends to mismatches. 

The disclosed method is applicable to numerous areas including, but not limited 
to, disease detection, mutation detection, RNA expression profiling, gene discovery, 
gene mapping (molecular haplotyping), agricultural research, and virus detection. 
Preferred uses include SNP detection in situ in cells, on microarrays, on DNA fibers, 

20 and on genomic DNA arrays; detection of RNA in cells; RNA expression profiling; 
molecular haplotyping; mutation detection; abnormal RNA (for example, 
overexpression of an oncogene or absence of expression of a tumor suppressor gene); 
expression in cancer cells; detection of viral genome in cells; viral RNA expression; 
detection of inherited diseases such as cystic fibrosis, muscular dystrophy, diabetes, 

25 hemophilia, sickle cell anemia; assessment of predisposition for cancers such as 
prostate cancer, breast cancer, lung cancer, colon cancer, ovarian cancer, testicular 
cancer, pancreatic cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a diagram of an example of a lollipop oligomer. 

30 Figures 2 A and 2B are diagrams of an example of detection of a DNA or RNA 

target sequence using a lollipop oligomer and rolling circle amplification. 
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Figure 3 is a diagram of a lollipop oligomer and a gap oligonucleotide 
hybridized to a target sequence. The oligomer leaves a gap space when hybridized to 
the target sequence and the gap oligonucleotide hybridizes to the target sequence in the 
gap space. 

5 Figure 4 is a graph of dNTP incorporation (in nmoles/3 versus time (in 

minutes). 

Figure 5 is a diagram of an example of a lollipop oligomer that forms a triple 

helix involving the tail portion (containing a rolling circle replication primer sequence) 

and part of both arms. The target probe portions are not involved in the triple helix and 

10 are available for hybridization to the target sequence. 

Figure 6 is a diagram of how the tail portion of the lollipop oligomer shown in 

Figure 5 becomes available for hybridization once the target probe portions hybridize to 

the target sequence. 

Figure 7 is a diagram of an example of a lollipop oligomer that forms a triple 

15 helix involving the tail portion (containing a rolling circle replication primer sequence) 

and part of one of arms. This arm provides two of the strands involved in the triple 

helix. The target probe portions are not involved in the triple helix and are available for 

hybridization to the target sequence. 

Figure 8 is a diagram of how the tail portion of the lollipop oligomer shown in 

20 Figure 7 becomes available for hybridization once the target probe portions hybridize to 

the target sequence. 

DETAILED DESCRIPTION OF THE INVENTION 

The disclosed method makes use of a special branched oligomer, referred to as a 
* 

lollipop oligomer, to provide sensitive and reliable detection and quantitation of target 
25 nucleic acid sequences. The disclosed method is particularly useful for detecting 

nucleic acid sequences where the sequences are located (that is, in situ detection). The 
lollipop oligomers allow isothermic signal amplification through rolling circle 
amplification via a tail portion of the oligomer that becomes associated or topologically 
linked to the target nucleic acid sequence. 
30 The disclosed method involves mixing one or more different lollipop oligomers 

with one or more target samples and incubating under conditions that promote 
hybridization between the oligomers and target sequences in the samples. The arms of 

4 
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the lollipop oligomer are then ligated in a target-dependent manner. The oligomers are 
mixed with one or more amplification target circles and incubated under conditions that 
promote hybridization between the amplification target circles and the rolling circle 
replication primer portions of the oligomers. To amplify the signal, DNA polymerase 
5 is mixed with the oligomers and amplification target circles and incubated under 

conditions that promote replication of the amplification target circles. Replication of 
the amplification target circle results in the formation of a long DNA strand containing 
numerous tandem repeats of the amplification target circle sequence (the DNA is 
referred to as tandem sequence DNA). Unique identification of multiple nucleic acid 

10 sequences in a single assay is accomplished by associating unique tail sequences (part 
of the oligomer) with each the various nucleic acid sequences to be detected. Each tail 
sequence (acting as a rolling circle replication primer) hybridizes to, and primes 
replication of, a unique amplification target circle. Detection of the unique sequences 
of the various resulting tandem sequence DNAs (each derived from a different, nucleic 

15 acid sequence-specific amplification target circle) indicates the presence in the nucleic 
acid sample of the target sequence corresponding to that tandem DNA sequence. The 
tail sequence of lollipop oligomers can also be detected and/or amplified using other 
techniques. 

The disclosed method is useful for detection, quantitation, and/or location of 
20 any desired nucleic acid sequences. The disclosed method can be multiplexed to detect 
numerous different nucleic acid sequences simultaneously or in a single assay. Thus, 
the disclosed method is useful for detecting, assessing, quantitating, profiling, and/or 
cataloging RNA expression in nucleic acid samples. The disclosed method is also 
particularly useful for detecting and discriminating single nucleotide differences in 
25 nucleic acid sequences. This specificity is possible due to the sensitivity of ligation of 
the oligomer arms to base mismatches around the ends of the arms. Thus, the disclosed 
method is useful for detecting, assessing, quantitating, and/or cataloging single 
nucleotide polymorphisms, and other sequence differences between nucleic acids, 
nucleic acid samples, and sources of nucleic acid samples. In particular, the ratio of 
30 different polymorphs of a nucleic acid sequence in sample can be assessed due to the 
ability of the disclosed method to detect single copies of target sequences. 
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The disclosed method is applicable to numerous areas including, but not limited 
to, disease detection, mutation detection, RNA expression profiling, gene discovery, 
gene mapping (molecular hapiotyping), agricultural research, and virus detection. 
Preferred uses include SNP detection in situ in cells, on microarrays, on DNA fibers, 
5 and on genomic DNA arrays; detection of RNA in cells; RNA expression profiling; 
molecular hapiotyping, mutation detection, abnormal RNA (for example, 
overexpression of an oncogene or absence of expression of a tumor suppressor gene), 
expression in cancer cells, detection of viral genome in cells, viral RNA expression; 
detection of inherited diseases such as cystic fibrosis, muscular dystrophy, diabetes, 
10 hemophilia, sickle cell anemia; assessment of predisposition for cancers such as 
prostate cancer, breast cancer, lung cancer, colon cancer, ovarian cancer, testicular 
cancer, pancreatic cancer. 

Materials 

A. Lollipop Oligomers 

15 A lollipop oligomer is a branched oligomer including three components: a tail 

portion, a right arm portion and a left arm portion. In general, the tail portion, the right 
arm portion, and the left arm portion are coupled together, with the tail portion is 
coupled to the oligomer at the junction of the right arm portion and the left arm portion. 
However, the tail portion can be coupled to the oligomer in the right or left arm portion, 

20 but preferably not in either the right or left target probe portion. The right arm portion 
of an oligomer generally includes a right target probe portion and a right backbone 
portion. The left arm portion generally includes a left target probe portion and a left 
backbone portion. The right target probe portion is at the end of the right arm portion 
and the left target probe portion is at the end of the left arm portion. The target probe 

25 portions are complementary to a target nucleic acid sequence. The target sequence has 
a 5' region and a 3' region such that the left target probe portion and the right target 
probe portion of the oligomer are each complementary to the 3* region and the 5' 
region, respectively, of the target sequence. An example of a lollipop oligomer is 
shown in Figure 1. Lollipop oligomers are also referred to herein as oligomer and as 

30 lollipop probes. 

In general, the tail and arms of a lollipop oligomer are single-stranded 
oligonucleotides. The right and left arms generally contain between 25 to 500 

6 
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nucleotides, preferably between about 30 to 75 nucleotides, and most preferably 
between about 35 to 50 nucleotides. The right arm has a 5' phosphate group and the 
left aim a 3' hydroxyl group. This allows the ends to be ligated using a DNA ligase, or 
extended in a gap-filling operation. Portions of the lollipop oligomer have specific 
5 functions making the oligomer useful for the disclosed method. In preferred 

embodiments, these portions are referred to as the target probe portions, the backbone 
portions, the tail portion, and the rolling circle replication primer portion. The target 
probe portions and the tail portion are required elements of a lollipop oligomer. The 
backbone portions and the segment of the tail portion that are not in the rolling circle 
10 replication primer portion can be arbitrarily chosen sequences or can be non-nucleotide 
linkers. 

A particularly preferred embodiment is a lollipop oligomer with right and left 
arms of 35 to 50 nucleotides each, including a left target probe of 20 nucleotides and a 
right target probe of 20 nucleotides. The left target probe and right target probe 

15 hybridize to a target sequence leaving a gap of five nucleotides, which is filled by a 
single pentanucleotide gap oligonucleotide. Another preferred embodiment is a 
lollipop oligomer with right and left arms of 35 to 50 nucleotides each, including a right 
target probe with a fixed length (preferably 20 nucleotides) and left target probe with a 
variable length (preferably 10 to 20 nucleotides) for maximal discrimination of single 

20 nucleotide polymorphisms. Lollipop oligomers hybridized to a target sequence and 
having ligated ends are referred to as locked lollipop oligomers. 
1. Tail Portion 

The tail portion of a lollipop oligomer is used as a signal, or to generate a signal, 
when the oligomer is associated with a target sequence. The tail portion can have any 
25 structure or composition that achieves this signaling purpose. It is preferred that the tail 
portion include a rolling circle replication primer portion or an address tag portion. 
Rolling Circle Replication Primer Portions 
A rolling circle replication primer (RCRP) portion is a portion of a tail portion 
having sequence complementary to the primer complement portion of an amplification 
30 target circle. This sequence is referred to as the complementary portion of the RCRP 
portion. The complementary portion of a RCRP portion and the cognate primer 
complement portion can have any desired sequence so long as they are complementary 



WO 02/02792 PCT/USO 1/20933 

to each other. In general, the sequence of the RCRP portion can be chosen such that it 
is not significantly complementary to any other portion of the amplification target 
circle. The complementary portion of a rolling circle replication primer portion can be 
any length that supports specific and stable hybridization between the primer and the 
5 primer complement portion. Generally this is 10 to 35 nucleotides long, but is 
preferably 16 to 20 nucleotides long. 

Address Tag Portions 
An address tag portion is part of the tail portion that has a sequence matching 
the sequence of the complementary portion of an address probe. This address tag 

10 portion allows detection of the lollipop oligomer through hybridization of amplification 
mediated by the address tag portion. If present, there may be one, or more than one, 
address tag portion on a lollipop oligomer. It is preferred that a lollipop oligomer have 
one or two address tag portions. Most preferably, an oligomer will have one address 
tag portion. Generally, it is preferred that an oligomer have 50 address tag portions or 

15 less. There is no fundamental limit to the number of address tag portions that can be 
present on an oligomer except the size of the tail portion of the oligomer. When there 
are multiple address tag portions, they may have the same sequence or they may have 
different sequences, with each different sequence complementary to a different address 
probe. It is preferred that a lollipop oligomer contain address tag portions that have the 

20 same sequence such that they are all complementary to a single address probe. The 
address tag portion can be any length that supports specific and stable hybridization 
between the address tag and the address probe. For this purpose, a length between 10 
and 35 nucleotides long is preferred, with an address tag portion 15 to 20 nucleotides 
long being most preferred. 

25 2. Arm Portions 

The left and right arm portions carry the target probe portions that allow 
sequence-specific association of the lollipop oligomer with a target sequence. Left and 
right backbone portions provide flexibility and connect the target probe portions to each 
other and to the tail portion. The backbone portions can have any arbitrary sequence 

30 and, in fact, need not contain nucleotides or base moieties at all. However, it is 

preferred that one or both of the backbone portions be designed to form intramolecular 
associations with the tail portions. Such associations are designed to keep the tail 

8 
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portion (or at least the rolling circle replication portion) inaccessible to an amplification 
target circle unless the oligomer is hybridized to a target sequence. This can be 
accomplished, for example, by having one or both of the arm portions associate with 
the tail portion. For example, the tail portion can be designed to be complementary to 
5 all or a portion of the right backbone portion, all or a portion of the left backbone 
portion, or a portion of the right backbone portion and a portion of the left backbone 
portion. Hybridization of the tail portion to either or both of the backbone portions will 
make the tail portion inaccessible to the amplification target circle. The backbone 
portions and the tail portion can also be designed to form a triple helix, which also 

10 makes the tail portion inaccessible to the amplification target circle. 
Target Probe Portions 
There are two target probe portions on each lollipop oligomer, one at each end 
of the oligomer arms. The target probe portions can each be any length that supports 
specific and stable hybridization between the target probes and the target sequence. For 

15 this purpose, a length of 10 to 35 nucleotides for each target probe portion is preferred, 
with target probe portions 15 to 20 nucleotides long being most preferred. The target 
piobe portion at the 3* end of the lollipop oligomer is referred to as the left target probe, 
and the target probe portion at the 5' end of the oligomer is referred to as the right target 
probe. These target probe portions are also referred to herein as left and right target 

20 probes or left and right probes. The target probe portions are complementary to a target 
nucleic acid sequence. 

The target probe portions are complementary to the target sequence, such that 
upon hybridization the 5' end of the right target probe portion and the 3' end of the left 
target probe portion are base-paired to adjacent nucleotides in the target sequence, with 

25 the objective that they serve as a substrate for ligation or covalent coupling (Figure 

2A). Optionally, the 5' end and the 3' end of the target probe portions may hybridize in 
such a way that they are separated by a gap space. In this case the 5' end and the 3' end 
of the oligomer may only be ligated if one or more additional oligonucleotides, referred 
to as gap oligonucleotides, are used, or if the gap space is filled during the ligation 

30 operation. The gap oligonucleotides hybridize to the target sequence in the gap space 
to a form continuous probe/target hybrid. The gap space may be any length desired but 
is generally ten nucleotides or less. It is preferred that the gap space is between about 
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three to ten nucleotides in length, with a gap space of four to eight nucleotides in length 
being most preferred. Alternatively, a gap space could be filled using a DNA 
polymerase before or during the ligation operation. When using such a gap-filling 
operation, a gap space of three to five nucleotides in length is most preferred. As 

5 another alternative, the gap space can be partially bridged by one or more gap 
oligonucleotides, with the remainder of the gap filled using DNA polymerase. 

The target probe portions axe preferably designed to be complementary to a 
polymorphic or variable nucleotide position at the end of the right target probe portion, 
the left target probe portion, or both. The oligomer ends will be effectively ligated only 

10 in the presence of the corresponding form of the target sequence (not a form of the 

target sequence having a different nucleotide at that position) since effective ligation of 
the ends requires that the terminal nucleotides be base paired to complementary 
nucleotides. Similar effects can be achieved with the use of gap oligonucleotides. In 
this case, the gap oligonucleotide is designed to be complementary to the polymorphic 

15 or variable nucleotide(s) in the target sequence. If the gap oligonucleotide is short, 
even a single internal base mismatch can prevent effective ligation by destabilizing 
hybridization of the gap oligonucleotide. 
3. Composition 

Lollipop oligomers can have any composition that allows the target probe 
20 portions to hybridize to the corresponding target sequence and the tail portion to 

mediate detection and/or signal amplification. Preferably, the tail portion, right arm 
portion, and left arm portion are oligonucleotides. The right target probe portion and 
the left target probe portion can also be, or include regions of, peptide nucleic acids and 
other oligonucleotide analogues. The oligomers can also include nucleoside and 
25 nucleotide analogues. In particular, the arms and tail can also be chimeric; containing 
any combination of standard nucleotides, nucleotide analogues, nucleoside analogues, 
and oligonucleotide analogues. 

The tail portion and arm portions of oligomers can be joined in any manner that 
allows the oligomer to function as described herein. In one form, the left and right arm 
30 portions together can be a single oligonucleotide or oligomer strand with the tail 

portion cross linked to one of the nucleotides in the arm oligonucleotide (thus defining 
the two arm portions). Alternatively, the tail portion and one of the arm portions 

10 
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together can be a single oligonucleotide with the other arm portion cross linked to it. 
Lollipop oligomers can also include linkers. In the context of a lollipop oligomer, a 
linker is any non-nucleotide chain, structure, or region that links two or more of the 
components of the lollipop oligomer together. For example, in one form, at least a 

5 portion of the tail portion, right aim portion, or left arm portion of the oligomer is a 
linker. In particular, the junction between the tail and arms can be a branched linker 
structure. Any core or branched structure can form the junction of the tail and arm 
portions of the oligomer. All that is required is that the arms and the tail can be linked 
or coupled to the junction structure. Many coupling chemistries are known and can be 

10 adapted for use in linking components of lollipop oligomers. 

As used herein, oligomer refers to oligomeric molecules composed of subunits 
where the subunits can be of the same class (such as nucleotides) or a mixture of 
classes (such as nucleotides and ethylene glycol). It is preferred that the disclosed 
lollipop oligomers be oligomeric sequences, non-nucleotide linkers, or a combination 

15 of oligomeric sequences and non-nucleotide linkers. It is more preferred that the 
disclosed lollipop oligomers be oligomeric sequences. Oligomeric sequences are 
oligomeric molecules where each of the subunits includes a nucleobase (that is, the 
base portion of a nucleotide or nucleotide analogue).which can interact with other 
oligomeric sequences in a base-specific manner. The hybridization of nucleic acid 

20 strands is a preferred example of such base-specific interactions. Oligomeric sequences 
preferably aire comprised of nucleotides, nucleotide analogues, or both, or are 
oligonucleotide analogues. The use of the term lollipop "oligomer" is not intended to 
limit the disclosed lollipop structures to oligomer subunits as defined above. For 
example, the disclosed lollipop oligomers can include a non-oligomeric junction 

25 structure. 

Non-nucleotide linkers can be any molecule, which is not an oligomeric 
sequence, that can be covalently coupled to an oligomeric sequence. Preferred non- 
nucleotide linkers are oligomeric molecules formed of non-nucleotide subunits. 
Examples of such non-nucleotide linkers are described by Letsinger and Wu, (/. Am. 
30 Chem. Soc. 117:7323-7328 (1995)), Benseler et al> (/. Am. Chem. Soc. 115:8483-8484 
(1993)) and Fu et al. , (J. Am. Chem. Soc. 116:4591-4598 (1994)). Preferred non- 
nucleotide linkers, or subunits for non-nucleotide linkers, include substituted or 

11 
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unsubstituted C\-dz straight chain or branched alkyl, substituted or unsubstituted C 2 - 
Cj8 straight chain or branched alkenyl, substituted or unsubstituted C2-C18 straight 
chain or branched alkynyl, substituted or unsubstituted Q-Cis straight chain or 
branched alkoxy, substituted or unsubstituted C 2 -Ci 8 straight chain or branched 
5 alkenyloxy, and substituted or unsubstituted C2-C18 straight chain or branched 

alkynyloxy. The substituents for these preferred non-nucleotide linkers (or subunits) 
can be halogen, cyano, amino, carboxy, ester, ether, carboxamide, hydroxy, or 
mercapto. 

As used herein, nucleoside refers to adenosine, guanosine, cytidine, uridine, 2 - 

10 deoxyadenosine, 2-deoxyguanosine, 2-deoxycytidine, or thymidine. A nucleoside 
analogue is a chemically modified form of nucleoside containing a chemical 
modification at any position on the base or sugar portion of the nucleoside. As used 
herein, nucleotide refers to a phosphate derivative of nucleosides as described above, 
and a nucleotide analogue is a phosphate derivative of nucleoside analogues as 

15 described above. The subunits of oligonucleotide analogues, such as peptide nucleic 
acids, are also considered to be nucleotide analogues. 

As used herein, oligonucleotide analogues are polymers of nucleic acid-like 
material with nucleic acid-like properties (such as sequence dependent hybridization) 
that contain, at one or more positions, a modification away from a standard RNA or 

20 DNA nucleotide. A preferred example of an oligonucleotide analogue is peptide 

nucleic acid. The internucleosidic linkage between two nucleosides can be achieved by 
phosphodiester bonds or by modified phospho bonds such as by phosphorothioate 
groups or other bonds such as, for example, those described in U.S. Pat. No. 5,334,71 1. 
B. Target Sequences 

25 As used herein, a target sequence is a nucleic acid sequence to which the 

disclosed target probe portions (and gap oligonucleotides) are associated. Any nucleic 
acid molecule can include a target sequence for use in the disclosed method. Preferred 
target sequences are in naturally occurring DNA molecules and RNA molecules such as 
mRNA, viral RNA, and ribosomal RNA. 

30 The target samples containing target sequences can come from any source. For 

example, target sequences can be obtained from mRNA samples, nucleic acid libraries, 
cells, cultures, tissues, bodily fluids, urine, serum, biopsy samples, and environmental 
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samples. Numerous other sources of nucleic acids are known or can be developed and 
any can be used with the disclosed method. Any nucleic acid sample can be used as a 
target sample in the disclosed method. Examples of suitable target samples include 
mRNA samples, nucleic acid libraries, whole cell samples, environmental samples, 
5 culture samples, tissue samples, bodily fluids, urine samples, serum samples, and 
biopsy samples. Numerous other sources of target samples are known or can be 
developed and any can be used with the disclosed method. 

A target sample is any solution or composition containing or potentially 
containing a target sequence. A target sample can take any form. A preferred form of 

10 target sample is a solid state target. 
C. Amplification Target Circles 

An amplification target circle (ATC) is a circular single-stranded DNA 
molecule, generally containing between 40 to 1000 nucleotides, preferably between 
about 50 to 150 nucleotides, and most preferably between about 50 to 100 nucleotides. 

15 Portions of ATCs have specific functions making the ATC useful for rolling circle 

amplification (RCA). These portions are referred to as the primer complement portion, 
the detection tag portions, the secondary target sequence portions, the address tag 
portions, and the promoter portion. The primer complement portion is a required 
element of an amplification target circle. Detection tag portions, secondary target 

20 sequence portions, address tag portions, and promoter portions are optional. Generally, 
an amplification target circle is a single-stranded, circular DNA molecule comprising a 
primer complement portion. Those segments of the ATC that do not correspond to a 
specific portion of the ATC can be arbitrarily chosen sequences. It is preferred that 
ATCs do not have any sequences that are self-complementary. It is considered that this 

25 condition is met if there are no complementary regions greater than six nucleotides long 
without a mismatch or gap. It is also preferred that ATCs containing a promoter 
portion do not have any sequences that resemble a transcription terminator, such as a 
run of eight or more thymidine nucleotides. 

An amplification target circle, when replicated, gives rise to a long DNA 

30 molecule containing multiple repeats of sequences complementary to the amplification 
target circle. This long DNA molecule is referred to herein as tandem sequences DNA 
(TS-DNA). TS-DNA contains sequences complementary to the primer complement 
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portion and, if present on the amplification target circle, the detection tag portions, the 
secondary target sequence portions, the address tag portions, and the promoter portion. 
These sequences in the TS-DNA are referred to as primer sequences (which match the 
sequence of the rolling circle replication primer), spacer sequences (complementary to 
5 the spacer region), detection tags, secondary target sequences, address tags, and 

promoter sequences. Amplification target circles are useful as tags for specific binding 
molecules. 

D. Tandem Sequence DNA 

An amplification target circle, when replicated, gives rise to a long DNA 

10 molecule containing multiple repeats of sequences complementary to the circular 

vector. This long DNA molecule is referred to herein as tandem sequences DNA (TS- 
DNA). TS-DNA contains sequences complementary to the inserted nucleic acid 
molecule and the primer complement portion. If the tandem sequence DNA is itself 
replicated by strand displacement amplification, the resulting long DNA molecules 

15 containing multiple repeats of sequences matching the circular vector are referred to as 
secondary tandem sequence DNA. If the secondary tandem sequence DNA is in turn 
replicated by strand displacement amplification, the resulting long DNA molecules 
containing multiple repeats of sequences complementary to the circular vector are 
referred to as tertiary tandem sequence DNA. 

20 E. Solid State Targets 

The target sample and target sequences can be coupled to a substrate. Doing so 
is useful for a variety of purposes including immobilization of the reaction or reaction 
products, allowing easy washing of reagents and reactions during an assay, aiding 
identification or detection of ligated probes, and making it easier to assay multiple 

25 samples simultaneously. In particular, immobilization of target sequences allows the 
location of the target sequences in a sample or array to be determined. For example, a 
cell or chromosome spread can be probed in the disclosed method to determine the 
presence and location of specific target sequences within a cell, genome, or 
chromosome. 

30 Solid-state substrates to which target samples can be attached can include any 

solid material to which nucleic acids can be attached, adhered, or coupled, either 
directly or indirectly. This includes materials such as acrylamide, cellulose, 
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nitrocellulose, polystyrene, polyethylene vinyl acetate, polypropylene, 
pblymethacrylate, polyethylene, polyethylene oxide, glass, polysilicates, 
polycarbonates, teflon, fluorocaibons, nylon, silicon rubber, polyanhydrides, 
polygjycolic acid, polylactic acid, polyorthoesters, polypropylfumerate, collagen, 
5 gjycosaminoglycans, and polyamino acids. Solid-state substrates can have any useful 
form including thin films or membranes, beads, bottles, dishes, fibers, woven fibers, 
optical fibers, shaped polymers, particles and microparticles. Preferred forms for solid- 
state substrates are flat surfaces, especially those used for cell and chromosome 
spreads. 

10 Methods for immobilization of nucleic acids to solid-state substrates are well 

established. In general, target samples can be immobilized on a substrate as part of a 
nucleic acid sample or other sample containing target sequences. Target sequences can 
be coupled to substrates using established coupling methods. For example, suitable 
attachment methods are described by Pease et al., Proc. Natl Acad. Sci. USA 

15 91(1 1):5022-5026 (1994), Guo et aU Nucleic Acids Res. 22:5456-5465 (1994), and 
Khrapko et al. y Mol Biol (Mosk) (USSR) 25:718-730 (1991). A method for 
immobilization of 3'-amine oligonucleotides on casein-coated slides is described by 
Stimpson etaU Proc. Natl Acad. Sci. USA 92:6379-6383 (1995). 

Methods for producing arrays of nucleic acids on solid-state substrates are also 

20 known. Examples of such techniques are described in U.S. Patent No. 5,871,928 to 
Fodor et al., U.S. Patent No. 5,54,413, U.S. Patent No. 5,429,807, and U.S. Patent No. 
5,599,695 to Pease et aL Microarrays of RNA targets can be fabricated, for example, 
using the method described by Schena et al, Science 270:487-470 (1995). 

Although preferred, it is not required that a given array of target samples or 

25 sequences be a single unit or structure. The set of probes may be distributed over any 
number of solid supports. For example, at one extreme, each target sequence or each 
target sample may be immobilized in or on a separate surface, reaction tube, container, 
fiber, or bead. 

A variety of cell and nucleic acid sample preparation techniques are known and 
30 can be used to prepare samples for use in the disclosed method. For example, 

metaphase chromosomes and interphase nuclei can be prepared as described by Cremer 
et al., Hunt Genet 80(3):235-46 (1988), and Haaf and Ward, Hum Mol Genet 3(4):629- 
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33 (1994), genomic DNA fibers can be prepared as described by Yunis et al., 
Chromosoma 67(4):293-307 (1978), and Parra and Windle, Nature Genet. 5: 17-21 
(1993), and Halo preparations can be prepared as described by Vogelstein et al., Cell 
22(1 Pt l):79-85 (1980), and Wiegantet al., HumMol Genet 1(8):587-91 (1992). 
S F. Gap Oligonucleotides . 

Gap oligonucleotides are oligonucleotides that are complementary to all or a 
part of that portion of a target sequence which covers a gap space between the ends of a 
hybridized lollipop oligomer. An example of a gap oligonucleotide and its relationship 
to a target sequence and open circle probe is shown in Figure 3. Gap oligonucleotides 

10 have a phosphate group at their 5' ends and a hydroxyl group at their 3* ends. This 
facilitates ligation of gap oligonucleotides to open circle probes, or to other gap 
oligonucleotides. The gap space between the ends of a hybridized lollipop oligomer 
can be filled with a single gap oligonucleotide, or it can be filled with multiple gap 
oligonucleotides. For example, two three nucleotide gap oligonucleotides can be used 

15 to fill a six nucleotide gap space, or a three nucleotide gap oligonucleotide and a four 
nucleotide gap oligonucleotide can be used to fill a seven nucleotide gap space. Gap 
oligonucleotides are particularly useful for distinguishing between closely related target 
sequences. For example, multiple gap oligonucleotides can be used to amplify different 
allelic or other variants of a target sequence. By placing the region of the target 

20 sequence in which the variation occurs in the gap space formed by a lollipop oligomer, 
a single lollipop oligomer can be used to amplify each of the individual variants by 
using an appropriate set of gap oligonucleotides. 
G. Strand Displacement Primers 

Primers used for strand displacement replication are referred to herein as strand 

25 displacement primers. One form of strand displacement primer, referred to herein as a 
secondary strand displacement primer, is an oligonucleotide having sequence matching 
part of the sequence of an amplification target circle. This sequence is referred to as 
the matching portion of the strand displacement primer. This matching portion of a 
secondary strand displacement primer is complementary to sequences in tandem 

30 sequence DNA (TS-DNA). The matching portion of a secondary strand displacement 
primer may be complementary to any sequence in TS-DNA. However, it is preferred 
that it not be complementary TS-DNA sequence matching either the rolling circle 
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replication primer portion of a lollipop oligomer or a tertiary strand displacement 
primer, if one is being used. This prevents hybridization of the primers to each other. 
The matching portion of a strand displacement primer can be any length that supports 
specific and stable hybridization between the primer and its complement. Generally 
5 this is 12 to 35 nucleotides long, but is preferably 18 to 25 nucleotides long. It is 
preferred that the matching portion of the circular vector is near the 3' end of the first 
strand of the circular vector. 

It is preferred that secondary strand displacement primers also contain 
additional sequence at their 5' end that does not match any part of the first strand of the 
circular vector. This sequence is referred to as the non-matching portion of the strand 
displacement primer. The non-matching portion of the strand displacement primer, if 
present, serves to facilitate strand displacement during DNA replication. The non- 
matching portion of a strand displacement primer may be any length, but is generally 1 
to 100 nucleotides long, and preferably 4 to 8 nucleotides long. 

Another form of strand displacement primer, referred to herein as a tertiary 
strand displacement primer, is an oligonucleotide having sequence complementary to 
part of the sequence of an amplification target circle. This sequence is referred to as 
the complementary portion of the tertiary strand displacement primer. This 
complementary portion of the tertiary strand displacement primer matches sequences in 
TS-DNA. The complementary portion of a tertiary strand displacement primer may be 
complementary to any sequence in the first strand of the circular vector. However, it is 
preferred that it not be complementary to a sequence matching the strand displacement 
primer. This prevents hybridization of the primers to each other. The complementary 
portion of a tertiary strand displacement primer can be any length that supports specific 
and stable hybridization between the primer and its complement. Generally this is 12 
to 35 nucleotides long, but is preferably 18 to 25 nucleotides long. It is preferred that 
tertiary strand displacement primers also contain additional sequence at their 5' end that 
is not complementary to any part of the first strand of the circular vector. This 
sequence is referred to as the non-complementary portion of the tertiary strand 
displacement primer. The non-complementary portion of the tertiary strand 
displacement primer, if present, serves to facilitate strand displacement during DNA 
replication. The non-complementary portion of a tertiary strand displacement primer 
\ 17 
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may be any length, but is generally 1 to 100 nucleotides long, and preferably 4 to 8 
nucleotides long. 

Strand displacement primers may also include modified nucleotides to make 
them resistant to exonuclease digestion. For example, the primer can have three or four 

5 phosphorothioate linkages between nucleotides at the 5' end of the primer Such 
nuclease resistant primers allow selective degradation of excess unligated lollipop 
oligomers that might otherwise interfere with hybridization of probes and primers to the 
amplified nucleic acid. Strand displacement primers can be used for strand 
displacement replication and strand displacement cascade amplification, both described 

10 in U.S. Patent No. 5, 854,033 and PCT Application No. WO 97/19193. 
H. Address Probes 

An address probe is an oligonucleotide or polynucleotide having a sequence 
complementary to address tags on the tail portion of a lollipop oligomer, TS-DNA, or 
transcripts of TS-DNA. The complementary portion of an address probe can be any 

15 length that supports specific and stable hybridization between the address probe and the 
address tag. For this purpose, a length of 10 to 35 nucleotides is preferred, with a 
complementary portion of an address probe 12 to 18 nucleotides long being most 
preferred. Address probes can contain a single complementary portion or multiple 
complementary portions. 

20 Address probes can also numerous labels or detection tag sequences to increase 

the signal from any target sequence with which the address probe becomes associated 
(via a lollipop oligomer). For example, an address probe can be branched to increase 
the density of labels or tag sequences. Address probe can also contain sequences that 
can be amplified using a nucleic acid amplification technique, including PCR and RCA. 

25 L Synthesis of Oligonucleotides 

Lollipop oligomers, components of lollipop oligomers, strand displacement 
primers, and any other oligonucleotides can be synthesized using established 
oligonucleotide synthesis methods. Methods to produce or synthesize oligonucleotides 
are well known in the art. Such methods can range from standard enzymatic digestion 

30 followed by nucleotide fragment isolation (see for example, Sambrook et cd„ Molecular 
Cloning: A Laboratory Manual, 2nd Edition (Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y., 1989) Chapters 5, 6) to purely synthetic methods, for 
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example, by the cyanoethyl phosphoramidite method using a Mitogen or Beckman 
System lPlus DNA synthesizer (for example, Model 8700 automated synthesizer of 
Milligen-Biosearch, Burlington, MA or ABI Model 380B). Synthetic methods useful 
for making oligonucleotides are also described by Hcuta et al., Ann. Rev. Biochem. 
5 53:323-356 (1984), (phosphotriester and phosphite-triester methods), and Narang et aU 
Metlwds Enzymoh 65:610-620 (1980), (phosphotriester method). Protein nucleic acid 
molecules can be made using known methods such as those described by Nielsen et al> 
Bioconjug. Chem. 5:3-7 (1994). 

Many of the oligonucleotides described herein are designed to be 

10 complementary to certain portions of other oligonucleotides or nucleic acids such that 
stable hybrids can be formed between them. The stability of these hybrids can be 
calculated using known methods such as those described in Lesnick and Freier, 
Biochemistry 34:10807-10815 (1995), McGraw et al, Biotechniques 8:674-678 (1990), 
and Rychlik et al, Nucleic Acids Res. 18:6409-6412 (1990). 

15 J. Detection Probes 

Detection probes are labeled oligonucleotides having sequence complementary 
to detection tags on TS-DNA, transcripts of TS-DNA, or address probes. The 
complementary portion of a detection probe can be any length that supports specific 
and stable hybridization between the detection probe and the detection tag. For this 

20 purpose, a length of 10 to 35 nucleotides is preferred, with a complementary portion of 
a detection probe 16 to 20 nucleotides long being most preferred. Detection probes can 
contain any of the detection labels described below. Preferred labels are biotin and 
fluorescent molecules. A particularly preferred detection probe is a molecular beacon. 
Molecular beacons axe detection probes labeled with fluorescent moieties where the 

25 fluorescent moieties fluoresce only when the detection probe is hybridized (Tyagi and 
Kramer, Nature Bioteclmology 14:303-308 (1996)). The use of such probes eliminates 
the need for removal of unhybridized probes prior to label detection because the 
unhybridized detection probes will not produce a signal. This is especially useful in 
multiplex assays. 

30 A preferred form of detection probe, referred to herein as a collapsing detection 

probe, contains two separate complementary portions. This allows each detection 
probe to hybridize to two detection tags in TS-DNA. In this way, the detection probe 
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forms a bridge between different parts of the TS-DNA. The combined action of 
numerous collapsing detection probes hybridizing to TS-DNA will be to form a 
collapsed network of cross-linked TS-DNA. Collapsed TS-DNA occupies a much 
smaller volume than free, extended TS-DNA, and includes whatever detection label 
5 present on the detection probe. This result is a compact and discrete detectable signal 
for each TS-DNA. Collapsing TS-DNA is useful both for in situ hybridization 
applications and for multiplex detection because it allows detectable signals to be 
spatially separate even when closely packed. Collapsing TS-DNA is especially 
preferred for use with combinatorial multicolor coding. 
10 TS-DNA collapse can also be accomplished through the use of ligand/ligand 

binding pairs (such as biotin and avidin) or hapten/antibody pairs. A nucleotide analog, 
BUDR, can be incorporated into TS-DNA during rolling circle replication. When 
biotinylated antibodies specific for BUDR and avidin are added, a cross-linked network 

of TS-DNA forms, bridged by avidin-biotin-antibody conjugates, and the TS-DNA 

-t 

15 collapses into a compact structure. Collapsing detection probes and biotin-mediated 
collapse can also be used together to collapse TS-DNA. 
K. Detection Labels 

To aid in detection and quantitation of ligated DNA probes, labels can be 
incorporated into, or coupled to, DNA probes. A label is any molecule that can be 

20 associated with DNA probes, directly or indirectly, and which results in a measurable, 
detectable signal, either directly or indirectly. Many such labels for incorporation into 
nucleic acids or coupling to nucleic acids are known. Examples of labels suitable for 
use in the disclosed method are radioactive isotopes, fluorescent molecules, 
phosphorescent molecules, enzymes, antibodies, and ligands. 

25 Examples of suitable fluorescent labels include fluorescein (FTTC), 5,6- 

carboxymethyl fluorescein, Texas red, nitrobenz-2-oxa-l,3-diazol-4-yl (NBD), 
coumarin, dansyl chloride, rhodamine, 4-6-diamidino-2-phenylinodoIe (DAPI), and the 
cyanine dyes Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. Preferred fluorescent labels are 
fluorescein (5-carboxyfluorescein-N-hydroxysuccinimide ester) and rhodamine (5,6- 

30 tetramethyl rhodamine). Preferred fluorescent labels for simultaneous detection are 
FTTC and the cyanine dyes Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. The absorption and 
emission maxima, respectively, for these fluors are: FTTC (490 nm; 520 nm), Cy3 (554 
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nm; 568 nm), Cy3.5 (581 nm; 588 nm), Cy5 (652 nm: 672 nm), Cy5.5 (682 nm; 703 
run) and Cy7 (755 nm; 778 nm), thus allowing their simultaneous detection The 
fluorescent labels can be obtained from a variety of commercial sources, including 
Molecular Probes, Eugene, OR and Research Qrganics, Cleveland, Ohio. 
5 Labeled nucleotides are a preferred form of label since they can be directly 

incorporated into DNA probes during synthesis. Examples of labels that can be 
incorporated into DNA or RNA include nucleotide analogs such as BrdUrd (Hoy and 
Schimke, Mutation Research 290:217-230 (1993)), BrUTP (Wansick et ah, J. Cell 
Biology 122:283-293 (1993)) and nucleotides modified with biotin (Langer et ah, Proc. 

10 Natl Acad Sci. USA 78:6633 (1981)) or with suitable haptens such as digoxygenin 
(Kerkhof, Anal Biochem. 205:359-364 (1992)). Suitable fluorescence-labeled 
nucleotides are Fluorescein-isothiocyanate-dUTP, Cyanine-3-dUTP and Cyanine-5- 
dUTP (Yu et al y Nucleic Acids Res., 22:3226-3232 (1994)). A preferred nucleotide 
analog detection label for DNA is BrdUrd (BUDR triphosphate, Sigma), and a 

15 preferred nucleotide analog detection label for RNA is Biotin-16-uridine-5'- 

triphosphate (Biotin- 16-dUTP, Boehringher Mannheim). Fluorescein, Cy3, and Cy5 
can be linked to dUTP for direct labeling. Cy3.5 and Cy7 are available as avidin or 
anti-digoxygenin conjugates for secondary detection of biotin- or digoxygenin-labeled 
probes. 

20 Labels that are incorporated into nucleic acid, such as biotin, can be 

subsequently detected using sensitive methods well-known in the art. For example, 
biotin can be detected using streptavidin-alkaline phosphatase conjugate (Tropix, Inc.), 
which is bound to the biotin and subsequently detected by chemiluminescence of 
suitable substrates (for example, chemiluminescent substrate CSPD: disodium, 3-(4- 

25 methoxyspiro-[l,2,-dioxetane-3-2 , -(5 t -chloro)tricyclo [3.3.1.1 3,7 ]decane]-4-yl) phenyl 
phosphate; Tropix, Inc.). 

Methods for detecting and measuring signals generated by labels are known. 
For example, radioactive isotopes can be detected by scintillation counting or direct 
visualization; fluorescent molecules can be detected with fluorescent 

30 spectrophotometers; phosphorescent molecules can be detected with a 

spectrophotometer or directly visualized with a camera; enzymes can be detected by 
detection or visualization of the product of a reaction catalyzedby the enzyme; 

21 



WO 02/02792 



PCT/US01/20933 



antibodies can be detected by detecting a secondary detection label coupled to the 
antibody. Such methods can be used directly in the disclosed method of amplification 
and detection. As used herein, detection molecules are molecules which interact with 
amplified nucleic acid and to which one or more detection labels are coupled. 

5 L. DNA Polymerases 

DNA polymerases useful in rolling circle replication must perform rolling circle 
replication of primed single-stranded circles. Such polymerases are referred to herein 
as rolling circle DNA polymerases. For rolling circle replication, it is preferred that a 
DNA polymerase be capable of displacing the strand complementary to the template 

10 strand, termed strand displacement, and lack a 5' to 3' exonuclease activity. Strand 
displacement is necessary to result in synthesis of multiple tandem copies of the 
circular vector. A 5' to 3' exonuclease activity, if present, might result in the 
destruction of the synthesized strand. The suitability of a DNA polymerase for use in 
the disclosed method can be readily determined by assessing its ability to carry out 

15 rolling circle replication. Preferred rolling circle DNA polymerases are bacteriophage 
<|>29 DNA polymerase (U.S. Patent Nos. 5,198,543 and 5,001,050 to Blanco et al\ 
phage M2 DNA polymerase (Matsumoto et ah, Gene 84:247 (1989)), phage <|>PRD1 
DNA polymerase (Jung et al., Proc. Natl Acad Set USA 84:8287 (1987)), VENT® 
DNA polymerase (Kong et al 7 /. Biol Client. 268:1965-1975 (1993)), Klenow 

20 fragment of E. coli DNA polymerase I (Jacobsen et al. 9 Eur. J. Biochem. 45:623-627 
(1974)), T5 DNA polymerase (Chatterjee et aU Gene 97:13-19 (1991)), PRD1 DNA 
polymerase (Zhu andlto, Biochim. Biophys. Acta. 1219:267-276 (1994)), T7 DNA 
polymerase (Tabor and Richardson, J. Biol Chem. 262:15330-15333 (1987); Tabor and 
Richardson, J. Biol Chem. 264:6447-6458 (1989); T7 Sequenase™ (U.S. 

25 Biochemicals)), ATts Polymerase (Amersham Pharmacia Biotech), and T4 DNA 

polymerase holoenzyme (Kaboord and Benkovic, Curr. Biol. 5:149-157 (1995)). <t>29 
DNA polymerase is most preferred. Rolling circle DNA polymerases are also 
generally useful for strand displacement replication. 

Strand displacement can be facilitated through the use of a strand displacement 

30 factor, such as helicase. It is considered that any DNA polymerase that can perform 

rolling circle replication in the presence of a strand displacement factor is suitable for 

use in the disclosed method, even if the DNA polymerase does not perform rolling 
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circle replication in the absence of such a factor. Strand displacement factors useful in 
RCA include, but are not limited to, BMRF1 polymerase accessory subunit (Tsurumi et 
al, J- Virology 67(12):7648-7653 (1993)), adenovirus DNA-binding protein 
(Zijderveld and van der Vliet, /. Virology 68(2):1158-1164 (1994)), herpes simplex 
5 viral protein ICP8 (Boehmer and Lehman, /. Virology 67(2):711-715 (1993); Skaliter 
and Lehman, Proc. Natl Acad Sci. USA 91(22): 10665-10669 (1994)), single-stranded 
DNA binding proteins (SSB; Rigjer and Romano, /. Biol Chem. 270:8910-8919 
(1995)), and calf thymus helicase (Siegel et al, 7. Biol Chem. 267:13629-13635 
(1992)). 

10 The ability of a polymerase to carry out rolling circle replication can be 

determined by using the polymerase in a rolling circle replication assay such as those 
described in Fire and Xu, Proa Natl Acad Sci. USA 92:4641-4645 (1995). 

It is possible to enhance the specificity of the DNA amplification reactions used 
in the disclosed method by using a DNA polymerase that is inactive at low temperature, 

15 and active only at high temperature. An example of such an enzyme, AmpliTaq Gold, 
has been described by Moretti et al, Biotechniques 25:716-722 (1998). AmpliTaq 
Gold is inactive until heated during the PCR before thermal cycling. A similar enzyme 
could be used in the disclosed method. Temperature activation of DNA polymerase 
can also be achieved using antibodies specific for the polymerase. For example, 

20 antibodies specific for Bst large fragment DNA polymerase could be obtained by 

immunization of mice. Among such antibodies, one could be chosen on the basis of its 
ability to bind to and inhibit the enzyme at room temperature. The antibody could also 
be chosen, using known screening procedures, such that upon heating, the inhibition of 
the DNA polymerase would cease. Combining the antibody with Bst large fragment 

25 DNA polymerase would generate an enzyme mixture that is activated upon heating. 

Another type of DNA polymerase can be used if a gap-filling synthesis step is 
used. When using a DNA polymerase to fill gaps, strand displacement by the DNA 
polymerase is undesirable. Such DNA polymerases are referred to herein as gap-filling 
DNA polymerases. Unless otherwise indicated, a DNA polymerase referred to herein 

30 without specifying it as a rolling circle DNA polymerase or a gap-filling DNA 

polymerase, is understood to be a rolling circle DNA polymerase and not a gap-filling 
DNA polymerase. Preferred gap-filling DNA polymerases are T7 DNA polymerase 
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(Studier et al, Methods Enzymol 185:60-89 (1990)), DEEP VENT® DNA polymerase 
(New England Biolabs, Beverly, MA), modified 17 DNA polymerase (Tabor and 
Richardson, 7. Biol Cltem. 262:15330-15333 (1987); Tabor and Richardson, J. Biol 
Chem. 264:6447-6458 (1989); Sequenase™ (U.S. Biochemicals)), and T4 DNA 
5 polymerase (Kunkel et dL 9 Methods Enzymol 154:367-382 (1987)). An especially 
preferred type of gap-filling DNA polymerase is the Thermus flavus DNA polymerase 
(MBR, Milwaukee, WI). The most preferred gap-filling DNA polymerase is the Stoffel 
fragment of Taq DNA polymerase (Lawyer et al 7 PCR Methods Appl 2(4):275-287 
(1993), King et aU J. Biol Client, 269(18):13061-13064 (1994)). 

10 M. Ligases 

Any ligase is suitable for use in the disclosed method. Preferred ligases are 
those that preferentially form phosphodiester bonds at nicks in double-stranded DNA. 
That is, ligases that fail to ligate the free ends of single-stranded DNA at a significant 
rate are preferred. Thermostable ligases are especially preferred. Many suitable ligases 

15 are known, such as T4 DNA ligase (Davis et ah, Advanced Bacterial Genetics - A 

Manual for Genetic Engineering (Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1980)), E. coli DNA ligase (Panasnko et ah, J- Biol Chem. 253:4590-4592 
(1978)), AMPLIGASE® (Kalin et al, Mutat. Res., 283(2): 119-123 (1992); Winn-Deen 
et aU Mol Cell Probes (England) 7(3):179-186 (1993)), Taq DNA ligase (Barany, 

20 Proa Natl Acad, Set USA 88:189-193 (1991), TJiermus thermophilic DNA ligase 
(Abbott Laboratories), Tliertnus scotoductus DNA ligase and Rhodothermus marinus 
DNA ligase (Thorbjarnardottir et al y Gene 151:177-180 (1995)). T4 DNA ligase is 
preferred for ligations involving RNA target sequences due to its ability to ligate DNA 
ends involved in DNA:RNA hybrids (Hsuih et al y Quantitative detection ofHCVRNA 

25 using novel ligation-dependent polymerase chain reaction, American Association for 
the Study of Liver Diseases (Chicago, IL, November 3-7, 1995)). T4 RNA ligase can 
also be used to ligate DNA ends of nucleic acid strands hybridized to an RNA strand. 
N. Kits 

Any combination of the materials useful in the disclosed method can be 
30 packaged together as a kit for performing the disclosed method. In particular, lollipop 
oligomers, amplification target circles, address probes, detection probes, and strand 
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displacement primers are useful components of such kits. Enzymes necessary for the 
disclosed method are also preferred components of such kits. 

Method 

5 The disclosed method makes use of a lollipop oligomer to provide sensitive and 

reliable detection and quantitation of target nucleic acid sequences. The disclosed 
method is particularly useful for in situ detection of nucleic acid sequences. The 
lollipop oligomers allow isothermic signal amplification through rolling circle 
amplification via a tail portion of the oligomer that becomes associated or topologically 

10 linked to the target nucleic acid sequence. The topological locking of the probe to the 
target is important for detection systems in which the amplified product may float away 
from the target. This may happen if the target sequence is extremely small or if the 
assay is being preformed on a substrate such as a metaphase chromosomes or any array 
that does not trap the tandem repeat DNA. By using multiple different primer (tail) 

15 sequences and corresponding DNA circles the method can be multiplexed, with the 
amplification product of each different circle being separately detectable. Lollipop 
oligomers can be circularized by chemical or enzymatic ligation. As used herein, the 
term ligation is not limited to enzymatic ligation of nucleic acid ends by ligase. 
Chemical coupling or other enzymatic coupling of the end of target probe portions (and 

20 gap oligonucleotides, if used) is also encompassed by this term. Lollipop oligomers 
hybridized to a target sequence and having ligated ends are referred to as locked 
lollipop oligomers. 

The disclosed method is useful for detection, quantitation, and/or location of 
any desired nucleic acid sequences. The disclosed method can be multiplexed to detect 

25 numerous different nucleic acid sequences simultaneously or in a single assay. Thus, 
the disclosed method is useful for detecting, assessing, quantitating, profiling, and/or 
cataloging RNA expression in nucleic acid samples. The disclosed method is also 
particularly useful for detecting and discriminating single nucleotide differences in 
nucleic acid sequences. This specificity is possible due to the sensitivity of ligation to 

30 base mismatches around the ends of the oligomer arms. Thus, the disclosed is useful 
for detecting, assessing, quantitating, and/or cataloging single nucleotide 
polymorphisms, and other sequence differences between nucleic acids, nucleic acid 
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samples, and sources of nucleic acid samples. In particular, the ratio of different 
polymorphs of a nucleic acid sequence in sample can be assessed due to the ability of 
the disclosed method to detect single copies of target sequences. 

The disclosed method is applicable to numerous areas including, but not limited 
5 to, disease detection, mutation detection, RNA expression profiling, gene discovery, 
gene mapping (molecular haplotyping), agricultural research, and virus detection. 
Preferred uses include SNP detection in situ in cells, on microarrays, on DNA fibers, 
and on genomic DNA arrays; detection of RNA in cells; RNA expression profiling; 
molecular haplotyping; mutation detection; abnormal RNA (for example, . 
overexpression of an oncogene or absence of expression of a tumor suppressor gene); 
expression in cancer cells; detection of viral genome in cells; viral RNA expression; 
detection of inherited diseases such as cystic fibrosis, muscular dystrophy, diabetes, 
hemophilia, sickle cell anemia; assessment of predisposition for cancers such as 
prostate cancer, bieast cancer, lung cancer, colon cancer, pvarian cancer, testicular 
15 cancer, pancreatic cancer. 

In a preferred form, the disclosed method involves mixing one or more different 
lollipop oligomers with one or more target samples and incubating under conditions 
that promote hybridization between the oligomers and target sequences in the samples. 
The arms of the lollipop oligomer are joined by ligation. The oligomers are also mixed 
20 with one or more amplification target circles and incubated under conditions that 
promote hybridization between the amplification target circles and the rolling circle 
replication primer portions of the oligomers. Mixing of the oligomers with the target 
samples and with the amplification target circles can be done simultaneously or in any 
order. For example, the amplification target circles can be mixed and hybridized to the 
25 oligomers prior to mixing with the target samples. It is preferred that the lollipop 
oligomers be mixed with the target samples and ligated prior to mixing with the 
amplification target circles. 

To amplify the signal, DNA polymerase is mixed with the oligomers and 
amplification target circles and incubated under conditions that promote replication of 
30 the amplification target circles. Replication of the amplification target circle results in 
the formation of a long DNA strand containing numerous tandem repeats of the 
amplification target circle sequence (the DNA is referred to as tandem sequence DNA). 
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Unique identification of multiple nucleic acid sequences in a single assay is 
accomplished by associating unique tail sequences (part of the oligomer) with each the 
various nucleic acid sequences to-be detected. Each tail sequence (acting as a rolling 
circle replication primer) hybridizes to, and primes replication of, a unique 
5 amplification target circle. Detection of the unique sequences of the various resulting 
tandem sequence DNAs (each derived from a different, nucleic acid sequence-specific 
amplification target circle) indicates the presence in the nucleic acid sample of the 
target sequence corresponding to that tandem DNA sequence. 

For multiplex forms of the method (that is, forms where multiple target 

10 sequences are detected in the same assay, a plurality of different lollipop oligomers are 
mixed with at least one target sample. Preferably, the target probe portions of each 
different oligomer are complementary to different target sequences and the rolling 
circle replication primers of each different oligomer are complementary to different 
amplification target circles. Alternatively, the rolling circle replication primers of at 

15 least two different oligomers can be complementary to the same amplification target 
circle. 

Different target nucleic acid sequences need not be detected using a unique tail 
sequence for each target sequence. That is, the sequence of the tail portion (and in 
particular, the rolling circle replication primer portion of the tail portion) can be the 

20 same for groups of lollipop oligomers targeted to different sequences. Such matching 
sequences will prime replication of the same amplification target circle. This will result 
in a single form of tandem sequence DNA produced when any of the group of target 
sequences are present. This is useful, for example, to detect any one (or more) of a set 
of mutations in a gene. For example, some oncogenes can have numerous different 

25 mutations that are cancer-associated, and it would be useful to streamline detection of 
any one of them. Where multiple target sequences are associated with the same tail 
sequences, the target probe portion sequences will, of course, be unique for each target 
sequence (with the optional exception of oligomers using gap oligonucleotides or a 
gap-filling operation, discussed below). 

30 In this form of the method, a plurality of different target samples each can be 

mixed with at least one type of lollipop oligomer. Preferably, the rolling circle 
replication primers of the oligomers mixed with different target samples are 
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complementary to different amplification target circles. Two or more of the target 
samples can be mixed together after the oligomers have been added. In one 
embodiment of this form of the method, the set of oligomers mixed with each different 
target sample can be complementary to the same set of target sequences. 
5 The same target sequence can also be targeted by multiple lollipop oligomers. 

That is, different oligomers having different tail sequences can be targeted to the same 
nucleic acid sequence. This is useful, for example, for detection of the same sequence 
in multiple samples in a single assay. For this, each different sample can be mixed with 
a different lollipop oligomer. This will associate a different tail sequence with the 

10 target sequence based on the source of the target sequence (that is, based on which 
sample the target sequence came from). The result will be a unique tandem sequence 
DNA (via a unique amplification target circle) for the target sequence from each 
source. In this way, the source of each target sequence can be determined even after 
the target samples are mixed together. Such mixing simplifies the manipulations; 

15 needed for this type of assay. 

The tail sequence of lollipop oligomers can also be detected and/or amplified 
using other techniques. For example, the tail sequence of the oligomer can be detected 
in any manner that nucleic acid sequence can be detected. Preferably, the tail sequence 
is amplified using some nucleic acid amplification technique such as PCR. 

20 One form of the disclosed method uses lollipop oligomers that can form 

intramolecular associations to reduce the chance of background signal amplification. 
The intramolecular association is designed to keep the tail portion (or at least the rolling 
circle replication portion) inaccessible to an amplification target circle unless the 
oligomer is hybridized to a target sequence. This can be accomplished, for example, by 

25 having one or both of the aim portions associate with the tail portion. For example, the 
tail portion can be designed to be complementary to all or a portion of the right 
backbone portion, all or a portion* of the left backbone portion, or a portion of the right 
backbone portion and a portion of the left backbone portion. Hybridization of the tail 
portion to either or both of the backbone portions will make the tail portion inaccessible 

30 to the amplification target circle. The backbone portions and the tail portion can also 
be designed to form a triple helix, which also makes the tail portion inaccessible to the 
amplification target circle. Hybridization of the target probe portions to the target 
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sequence will free up the tail portion for hybridization to the amplification target circle. 
On the other hand, the tail and aims of oligomers that fail to associate with a target 
sequence will re-associate, thus making it inaccessible to amplification target circles. 
As a result, the non-hybridized oligomer will not produce tandem sequence DNA. 
5 The ends of the oligomer arms are preferably linked by mixing ligase with the 

mixed oligomers and target samples, and incubating under conditions that promote 
ligation of the oligomers to form locked lollipop oligomers. Locked lollipop oligomers 
are lollipop oligomers hybridized to a target sequence and having ligated ends. In one 
form, the right arm portion has a free 5 f end, the left arm portion has a free 3* end, and 

10 • the end of the right arm portion is ligated to the end of the left arm portion to form the 
locked lollipop oligomer. 

The oligomer arm ends are preferably directly linked, but can also be indirectly 
linked. In this latter case, at least one target sequence has a central region located 
between the 5* region and the 3 f region and neither the left target probe portion nor the 

15 right target probe portion is complementary to the central region of the target sequence. 
Hybridization of the target probe portions to the target sequence leave the central 
region of the target single stranded. This gap sequence can be filled by hybridization of 
a gap oligonucleotide, gap-filling DNA synthesis, or a combination. Each gap 
oligonucleotide is complementary all or a portion of the central region of the target 

20 sequence. 

The method is particularly useful for detecting single nucleotide differences 
between sequences. Some sequences are polymorphic. As used herein, a polymorphic 
sequence is a sequence that has different forms (i.e. differs in sequence) in different 
sources of the sequence. For example, one individual may have a gene having an .A at 

25 a certain position and another individual may have a C at the same position in the same 
gene. These genes thus have a polymorphic sequence. The A and the C in these genes 
are polymorphic nucleotides. A polymorphic nucleotide is a nucleotide that differs 
between at least two forms of a polymorphic sequence. Put another way, the nucleotide 
position of the A and C is a polymorphic nucleotide position. 

30 The disclosed method can be used to distinguish between these two forms of the 

gene based on this single difference. This can be accomplished, for example, by 
designing the lollipop oligomers so that the nucleotide at the end of the right target 
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probe portion, the left target probe portion, or both are complementary to the 
polymorphic nucleotide in the target sequence. One oligomer would be designed to be 
fully complementary to the "A" form of the sequence (with a terminal T in one of the 
target probe portions) and the other would be designed to be fully complementary to the 
5 "C" form of the sequence (with a terminal G in one of the target probe portions). Since 
effective ligation of the ends requires that the terminal nucleotides be base paired to 
complementary nucleotides, the two oligomers will be effectively ligated only in the 
presence of the corresponding form of the target sequence. Similar effects can be 
achieved with the use of gap oligonucleotides. In this case, only a single lollipop 
10 oligomer would be needed since the gap oligonucleotides can be made specific for the 
different sequences. 

Example 

This example illustrates use of the disclosed method to detect single nucleotide 
polymorphisms (SNPs). Detection of SNPs on interphase nuclei is not always 

15 successful. Lollipop oligomers provide a better platform for RCA-based detection of 
SNPs in cytological samples than prior techniques. The signal amplification by linear 
RCA will increase the sensitivity of allele discrimination by several orders of 
magnitude. 

SNP detection in interphase nuclei. 

20 As an example, G542X allele of CFTR gene was used as the target for allele 

discrimination. Subsequent to the synthesis of open lollipop oligomers and the locked 
lollipop oligomers, the ability of the tail portion of a lollipop oligomer to serve as the 
primer for RCA applications was confirmed. The disclosed method was further 
demonstrated by in situ detection of homozygous and heterozygous CFTR loci in 

25 methanol: acetic acid fixed-interphase nuclei. To simultaneously differentiate between 
the two alleles, the respective lollipop oligomers (G542X WT lollipop oligomer and 
G542X WT lollipop oligomer) were constructed with tail portions designed to act as a 
rolling circle replication primer for either Circle-1 (SEQ ID NO:l) or Circle-3.1 (SEQ 
ID NO:2). Their detection, following RCA, was achieved with specific detection 

30 probes. G542X WT lollipop oligomer is formed from G542X WT lollipop arms (SEQ 
ID NO:3) and G542X WT lollipop tail (SEQ ID NO:4). G542X WT lollipop oligomer 
is formed from G542X MOT lollipop arms (SEQ ID NO:5) and G542X MUT lollipop 
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tail (SEQ ID NO:6). G542X WT lollipop tail contains a rolling circle replication 
primer for circle 3.1. G542X MOT lollipop tail contains a rolling circle replication 
primer for circle 1. 

Circle 1 (SEQ ID NO:l) 
5 CGCATGTCCTATCCTCAGCTGTGATCATCAGAACTCACCTGTTAGACGCCAC 

CAGCTCCAACTGTGAAGATCGCTTAT 

Circle 3.1 (SEQ ID NO:2) 
GTGGAACGTGTAATGTTCATGATGAAATGTATCCTTGACAGCCGATGAGGT . 

CCGTATCCTTGACAGCCGATGAGGCAC 
10 G542XWT lollipop arms (SEQ ID NO:3): 

5'-pAAGAACTATATTGT(mTCTGAGCCM3ATAACAAGA-(Mylamino-dU)- 
CACACAGGATACAGTATGACATGATTACGATGATTCCACCTT CTCC-3' 
G542X WT lollipop tail containing primer for circle 3.1 (SEQ ID NO:4): 
5'- C6-S-S-C6-AAAAAAAAAAAAAAAAAAAAAAAAA (C18) CGTCATCA 
15 TGAACATTACACGTTCCAC-3' 

G542X MUT lollipop arms (SEQ ID NO:5): 
5'-pAAGAACTATATTGTCTTTCTGAGCGGATAACAAGA-(Allylamino-dU)- 
CACACAGGATACAGTATGACATGATTACGGTGATTCCA CCTTCTCA-3' 
G542X MUT lollipop tail containing primer for circle 1 (SEQ ID NO:6): 
20 5*-C6-S-S-C6-AAAAAAAAAAAAAAACATGTTGTTACACAGCTGAGG 
ATAGGACAT-3' 

1. Synthesis of open lollipop probes. Two oligonucleotides were synthesized. 
One for forming the right and left arm portions that hybridize to the target (padlock 
oligonucleotide) and other as the tail portion that serves as the rolling circle replication 

25 primer (primer oligonucleotide). Essentially the allyl-amino side chain in the backbone 
of the first oligonucleotide was activated by reacting with Sulfo-GMBS and the primer 
(tail) oligonucleotide containing a SH group at its 5' end was generated by the treatment 
of S-S oligonucleotide with the dithiothreitol (DTT). The arm portions with activated 
allyl-amino group and the tail oligonucleotide with the freshly generated SH group 

30 were reacted together to provide open lollipop oligomer that was purified by 
preparative poly-acrylamide gel electrophoresis (PAGE). 
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150 |xl aqueous solution of S-S primer oligonucleotide (7.5 nmoles) was treated 
with 8 mg DTT and 5 pi of triethyl amine for 30 minutes. The oligonucleotide with a 
free 5' SH group was purified by passing the reaction mixture through a PD-10 column 
(Amesham Pharmacia Biotech). The purified oligonucleotide was freeze dried for 

5 further use. 40 jil of allyl amino oligonucleotide was mixed with 1 mg N-[gamma- 
maleimidobutyryloxy] sulfosuccinimide ester in 100 ml reaction buffer (50 mM 
Phosphate buffer, pH 7.0, 150 mM NaCl and 1 mM EDTA) for 1 hour at 37°C. The 
activated allylamino oligonucleotide was purified on a PD-10 column and concentrated 
by a Centricon concentrator. This concentrated oligonucleotide was reacted with the 

10 freeze dried SH oligonucleotide for 1 hour at 37°C. The lollipop oligomer, the slowest 
migrating oligonucleotide band, was purified on a 8% PAGE. 

2. Formation of locked lollipop oligomers over target DNA. The open 
lollipop oligomers were end-labeled with [ 32 P] by the exchange reaction with T4 
polynucleotide kinase and [ 32 P] ATP. Locked lollipop oligomers were formed over 

15 G542X target oligonucleotide by slowly annealing with a suitable open lollipop probe 
followed by their circularization with 5 units of Ampligase at 55°C. The efficiencyof 
locked lollipop formation was evaluated by PAGE and autoradiography. 

3. In-solution linear RCA of circles with lollipops. To determine whether the 
lollipop tail would function as a primer for the RCA signal amplification, linear RCA 

20 of Circle 3.1 was carried put with G542X-Wt-lollipop as the primer. The RCA 
amplification was evaluated by [ n P]dCIP incorporation. 

First the primers (10 pmole) and the Circles (0.5 pmole) were annealed in a 6 frt 
reaction mixture (40 mM NaCl, 20 mM Tris/HCl pH7.0) for 30 minutes at room 
temperature. The linear RCA reaction was carried out at 37°C by adding the annealed 

25 circle-primer mixture to 14 yl of liriear RCA cocktail (1 mM each dATP, dGTP, TIP, 
dCTP, IX 4>29 polymerase buffer [50 mM Tris/HCL pH 7.4, 10 mM MgCla, 100 fxg/ml 
bovine serum albumin (BSA)], 0.2 jil [ 32 P] dCTP and 1 jil <|>29 DNA polymerase). 3 \xl 
of the linear RCA reaction mixture was removed at different time points to evaluate the 
incorporation of 32 P dCTP. The results are shown in Figure 4. SW 102/C2 is a positive 

30 control for the RCA reaction using a known small circle and cognate primer. MSI- 
130/C3.1 is the lollipop without the tail (primer) showing no RCA in the presence of 
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circle 3.1. MSI-185/C3.1 is the complete lollipop before ligation showing robust RCA 
in the presence of circle 3.1. 54LLPw/C3.1 is the lollipop after ligation showing the it 
can still prime RCA using circle 3.1. 

4. Detection of G542X locus by lollipops in interphase nuclei. Slides with 
5 methanol:acetic acid-fixed interphase lymphocyte nuclei were incubated at 55°C for 30 
minutes. Slides were dipped in a solution containing 70% foimamide, and 2XSSC 
(1XSSC is 0.15 M NaCl, 0.015 M Na Citrate) at 70°C for 75 seconds and passed 
through a series of ice cold 70%, 90% and 100% ethanol solutions to denature the 
nuclei. 40 \i\ of ligation mixture containing 10 nM lollipop, 4 \ig BS A, IX ampligase 

10 buffer (20 mM Tris/HCL pH 8.3, 25 mM KC1, 10 mM MgCl 2 , 0.5 mM NAD, 0.01% 
Triton X-100) and 5 units of Ampligase was applied on each slide and incubated at 
55°C for 2 hours. Slides were washed three times for 5 minutes with 2X SSC, 0.1% 
Tween 20 at 42°C. 40 yl of RCA reaction mixture (20 nM circle 3.1, 0.4 mM each 
dATP, dGTP, TIP, dCTP, 4 \ig BSA, IX §29 buffer and 200 ng §29 DNA polymerase) 

15 was placed on these slides and incubated for 30 minutes at 37 °C. Slides were washed 
three times for 5 minutes in 2X SSC, 0.1% Tween 20 at 42 °C. 50 pi of detection 
solution (1 \jM Cy3-detection probes [SEQ ID NO:7, SEQ ID NO: 8, SEQ ID NO:9}, 
2XSSC, 1% BSA arid 0.1% Tween 20) was applied to each slide and incubated for 30 
minutes at 37°C. Slides were again washed three times with 2XSSC, 0.1 % Tween 20 

20 at 42°C, stained with DAPI and used for imaging. 

Detection Probe A for Circle 1 (SEQ ID NO:7) 
TCAGAACTCACCTGTTAG 

Detection Probe B for Circle 1 (SEQ ID NO:8) 
ACTGTGAAGATCGCTTAT 

25 Detection Probe for Circle 3.1 (SEQ ID NO:9) 

GCATCCTTGACAGCCGATGAGGCTG 

It must be noted that as used herein and in the appended claims, the singular 

forms "a "an", and "the" include plural reference unless the context clearly dictates 

30 otherwise. Thus, for example, reference to "a host cell" includes a plurality of such 

host cells, reference to "the antibody" is a reference to one or more antibodies and 

equivalents thereof known to those skilled in the art, and so forth. 
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CLAIMS 

We claim: 

L A lollipop oligomer comprising a branched oligomer comprising a tail 
portion, a right arm portion, and a left arm portion, wherein the right arm portion and 
the left arm portion are coupled together, 

wherein the right arm portion comprises a right target probe portion and a right 
backbone portion, wherein the left arm portion comprises a left target probe portion and 
a left backbone portion, wherein the right target probe portion is at the end of the right 
arm portion, wherein the left target probe portion is at the end of the left arm portion, 

wherein the target probe portions are complementary to a target sequence, 
wherein the target sequence comprises a 5' region and a 3' region, wherein the left 
target probe portion and the right target probe portion of the oligomer are each 
complementary to the 3' region and the 5' region, respectively, of the same target 
sequence. 

2. The oligomer of claim 1 wherein the tail portion comprises a rolling circle 
replication primer, wherein the rolling circle replication primer comprises a 
complementary portion that is complementary to a primer complement portion of an 
amplification target circle. 

3. The oligomer of claim 1 wherein the tail portion comprises an address tag. 

4. The oligomer of claim 1 wherein the tail portion is complementary to all or a 
portion of the right backbone portion, all or a portion of the left backbone portion, or a 
portion of the right backbone portion and a portion of the left backbone portion. 

5. The oligomer of claim 1 wherein the tail portion, the right backbone portion, 
and the left backbone portion can form a triple helix. 

6. The oligomer of claim 1 wherein the tail portion, right arm portion, and left 
arm portion are oligonucleotides. 

7. The oligomer of claim 1 wherein at least a portion of the tail portion, right 
arm portion* or left arm portion is a linker. 

8. The oligomer of claim 1 wherein the tail portion has a free 3* end, the right 
arm portion has a free 5' end, and the left arm portion has a free 3' end. 

9. The oligomer of claim 1 wherein the target sequence further comprises a 
central region located between the 5* region and the 3 ! region, 
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wherein neither the left target probe portion nor the right target probe portion is 
complementary to the central region of the target sequences. 

10. The oligomer of claim 1 wherein the right target probe portion and the left 
target probe portion comprise peptide nucleic acids. 

11. A method of amplifying nucleic acid sequences, the method comprising 

(a) mixing one or more different lollipop oligomers with one or more target 
samples each comprising one or more target sequences, and incubating under 
conditions that promote hybridization between the oligomers and the target sequences, 

wherein the lollipop oligomers each comprise a branched oligomer comprising a 
tail portion, wherein the tail portion comprises a rolling circle replication primer, 
wherein the rolling circle replication primer comprises a complementary portion that is 
complementary to a primer complement portion of an amplification target circle, 

(b) prior to, simultaneous with, or following step (a), mixing one or more 
amplification target circles with the oligomers, and incubating under conditions that 
promote hybridization between the amplification target circles and the rolling circle 
replication primer portions of the oligomers, and 

(c) mixing DNA polymerase with the oligomers and amplification target 
circles, and incubating under conditions that promote replication of the amplification 
target circles, 

wherein replication of the amplification target circles results in the formation of 
tandem sequence DNA. 

12. The method of claim 11 wherein at least one of the lollipop oligomers 
further comprises 

a right arm portion and a left arm portion, wherein the right arm portion and the 
left arm portion are coupled together, wherein the tail portion is coupled to the 
oligomer at the junction of the right arm portion and the left arm portion, 

wherein the right arm portion of at least one of the oligomers comprises a right 
target probe portion and a right backbone portion, wherein the left arm portion 
comprises a left target probe portion and a left backbone portion, wherein the right 
target probe portion is at the end of the right arm portion, wherein the left target probe 
portion is at the end of the left arm portion, 
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wherein the target probe portions are complementary to at least one of the target 
sequences, wherein the target sequence comprises a 5' region and a 3' region, wherein 
the left target probe portion and the right target probe portion of the oligomer are each 
complementary to the 3' region and the 5' region, respectively, of the target sequence. 

13. The method of claim 12 further comprising, simultaneous with, or 
following step (a), 

mixing ligase with the oligomers and target samples, and incubating under 
conditions that promote ligation of the oligomers to form locked lollipop oligomers. 

14. The method of claim 13 wherein the right arm portion has a free 5 1 end, and 
the left arm portion has a free 3* end, wherein the end of the right arm portion is ligated 
to the end of the left arm portion to form the locked lollipop oligomer. 

15. The method of claim 13 wherein the right arm portion has a free 5' end, and 
the left arm portion has a free 3' end, wherein the at least one target sequence further 
comprises a central region located between the 5* region and the 3' region, 

wherein neither the left target probe portion nor the right target probe portion is 
complementary to the central region of the target sequence, 

wherein step (a) further comprises mixing one or more gap oligonucleotides 
with at least one of the target samples, wherein each gap oligonucleotide is 
complementary all or a portion of the central region of the target sequence. 

16. The method of claim 13 wherein the right arm portion has a free 5' end, and 
the left arm portion has a free 3 1 end, wherein the at least one target sequence further 
comprises a central region located between the 5' region and the 3 1 region, 

wherein neither the left target probe portion nor the right target probe portion is 
complementary to the central region of the target sequence, 

wherein the method further comprises, prior to, or simultaneous with, mixing 
ligase with the oligomers and target samples, 

mixing gap-filling DNA polymerase with the oligomers and target samples. 

17. The method of claim 13 wherein the right arm portion has a free 5 1 end, and 
the left arm portion has a free 3' end, wherein the at least one target sequence further 
comprises a central region located between the 5' region and the 3' region, 

wherein neither the left target probe portion nor the right target probe portion is 
complementary to the central region of the target sequence, 
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wherein step (a) further comprises mixing one or more gap oligonucleotides 
with at least one of the target samples, wherein each gap oligonucleotide is 
complementary all or a portion of the central region of the target sequence, 

wherein the method further comprises, prior to, or simultaneous with, mixing 
ligase with the oligomers and target samples, 

mixing gap-filling DNA polymerase with the oligomers and target samples. 

18. The method of claim 13 wherein the ligase is selected from the group 
consisting of AMPLIGASE®, T4 DNA ligase, T4 RNA ligase, E. coli DNA ligase, Taq 
DNA ligase, Thermus thermophilus DNA ligase, Tfiermus scotoductus DNA ligase, and 
Rltodothermus inarinus DNA ligase. 

19. The method of claim 12 wherein the right target probe portion and the left 
target probe portion comprise peptide nucleic acids. 

20. The method of claim 12 wherein the tail portion is complementary to all or 
a portion of the right backbone portion, all or a portion of the left backbone portion, or 
a portion of the right backbone portion and a portion of the left backbone portion. 

21. The method of claim 12 wherein the tail portion, the right backbone 
portion, and the left backbone portion can form a triple helix. 

22. The method of claim 12 wherein the tail portion, right arm portion, and left 
arm portion are oligonucleotides. 

23. - The method of claim 12 wherein at least a portion of the tail portion, right 
arm portion, or left arm portion is a linker. 

24. The method of claim 12 wherein the target sequence corresponds to one 
form of a polymorphic sequence. 

25. The method of claim 24 wherein the nucleotide at the end of the right target 
probe portion, the left target probe portion, or both are complementary to a 
polymorphic nucleotide in the target sequence. 

26. The method of claim 12 wherein a plurality of different lollipop oligomers 
are mixed with at least one target sample, wherein the target probe portions of each 
different oligomer are complementary to different target sequences. 

27. The method of claim 26 wherein the rolling circle replication primers of 
each different oligomer are complementary to different amplification target circles. 
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28. The method of claim 26 wherein the rolling circle replication primers of at 
least two different oligomers are complementary to the same amplification target circle. 

29. The method of claim 12 wherein a plurality of different target samples are 
each mixed with at least one of the lollipop oligomers. 

30. The method of claim 29 wherein the rolling circle replication primers of the 
oligomers mixed with different target samples are complementary to different 
amplification target circles. 

31. The method of claim 30 further comprising following step (a) and prior to, 
simultaneous with, or following step (b), 

mixing two or more of the target samples. 

32. The method of claim 30 wherein the set of oligomers mixed with each 
different target sample are complementary to the same set of target sequences. 

33. The method of claim 11 wherein the DNA polymerase is selected from the 
group consisting of bacteriophage <|>29 DNA polymerase, phage M2 DNA polymerase, 
phage <[)PRD1 DNA polymerase, VENT® DNA polymerase, Klenow fragment of E. 
coli DNA polymerase I, T5 DNA polymerase, PRD1 DNA polymerase, 17 DNA 
polymerase, T7 Sequenase™, ATts Polymerase, and T4 DNA polymerase holoenzyme. 

34. The method of claim 11 wherein at least one of the target sequences is 
associated with a disease selected from the group consisting of inherited diseases, 
cystic fibrosis, muscular dystrophy, diabetes, hemophilia, sickle cell anemia, cancers, 
prostate cancer, breast cancer, lung cancer, colon cancer, ovarian cancer, testicular 
cancer, and pancreatic cancer. 

35. The method of claim 1 1 detection of at least one of the target sequences is 
used for disease detection, mutation detection, RNA expression profiling, gene 
discovery, gene mapping, molecular haplotyping, virus detection, single nucleotide 
polymorphism detection, detection of RNA in cells, detection of abnormal RNA, 
detection of overexpression of an oncogene, detection of the absence of expression of a 
tumor suppressor gene, detection of expression in cancer cells, detection of viral 
genomes in cells, detection of viral RNA expression, detection of inherited diseases, 
detection of cystic fibrosis, detection of muscular dystrophy, detection of diabetes, 
detection of hemophilia, detection of sickle cell anemia, assessment of predisposition 
for cancer, assessment of predisposition for prostate cancer, assessment of 
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predisposition for breast cancer, assessment of predisposition for lung cancer, 
assessment of predisposition for colon cancer, assessment of predisposition for ovarian 
cancer, assessment of predisposition for testicular cancer, assessment of predisposition 
for pancreatic cancer, or a combination. 

36. The method of claim 1 1 wherein at least one of the target sequences is 
detected in situ in cells, on microarrays, on DNA fibers, or on genomic DNA arrays. 

37. A method of detecting target nucleic acid sequences, the method 
comprising 

(a) mixing one or more different lollipop oligomers with one or more target 
samples each comprising one or more target sequences, and incubating under 
conditions that promote hybridization between the oligomers and the target sequences, 

wherein the lollipop oligomers each comprise a branched oligomer comprising a 
tail portion, a right arm portion, and a left arm portion, wherein the right arm portion 
and the left arm portion are coupled together, wherein the tail portion is coupled to the 
oligomer at the junction of the right arm portion and the left arm portion, wherein the 
tail portion comprises an address tag, 

wherein the right arm portion of at least one of the oligomers comprises a right 
target probe portion and a right backbone portion, wherein the left arm portion 
comprises a left target probe portion and a left backbone portion, wherein the right 
target probe portion is at the end of the right arm portion, wherein the left target probe 
portion is at the end of the left arm portion, 

wherein the target probe portions are complementary to at least one of the target 
sequences, wherein the target sequence comprises a 5' region and a 3* region, wherein 
the left target probe portion and the right target probe portion of the oligomer are each 
complementary to the 3* region and the 5' region, respectively, of the target sequence, 

(b) detecting the address tags. 

38. The method of claim 37 wherein the address tags are detected by 
hybridization. 

39. A lollipop oligomer comprising a branched oligomer comprising a tail 
portion, a right arm portion, and a left arm portion, wherein the right arm portion and 
the left arm portion are coupled together, wherein the tail portion is coupled to the 
oligomer at the junction of the right arm portion and the left arm portion, 
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wherein the right arm portion comprises a right target probe portion and a right 
backbone portion, wherein the left arm portion comprises a left target probe portion and 
a left backbone portion, wherein the right target probe portion is at the end of the right 
arm portion, wherein the left target probe portion is at the end of the left arm portion, 

wherein the target probe portions are complementary to a target sequence, 
wherein the target sequence comprises a 5' region and a 3' region, wherein the left 
target probe portion and the right target probe portion of the oligomer are each 
complementary to the 3 ! region and the 5' region, respectively, of the same target 
sequence. 

40. A method of amplifying nucleic acid sequences, the method comprising 
replicating one or more amplification target circles, wherein replication of the 

amplification target circles results in the formation of tandem sequence DNA, 

wherein the amplification target circles are mixed with one or more different 
lollipop oligomers, wherein the lollipop oligomers each comprise a branched oligomer 
comprising a tail portion, wherein the tail portion comprises a rolling circle replication 
primer, wherein the rolling circle replication primer comprises a complementary 
portion that is complementary to a primer complement portion of at least one of the 
amplification target circles, wherein the rolling circle replication primer primes 
replication of the amplification target circle, wherein at least one of the lollipop 
oligomers is hybridized to a target sequence in a target sample. 

41. The method of claim 40 wherein at least one of the lollipop oligomers 
hybridized to a target sequence in a target sample is ligated to form a locked lollipop 
oligomer. 
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SEQUENCE LISTING 

<110> Ward, David C. 

Bray-Ward, Patricia 
Lane, Michael J. 
Kumar , Gyanendra 

<120> SIGNAL AMPLIFICATION WITH LOLLIPOP 
PROBES 

i 

<130> 13172. 0005U2 

<150> 60/215,639 
<151> 2000-06-30 

<160> 9 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 78 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 
<400> 1 

cgcatgtcct atcctcagct gtgatcatca gaactcacct gttagacgcc accagctcca 



60 



actgtgaaga tcgcttat 78 

<210> 2 
<211> 79 
<212> DNA 

<213> Description of Artificial Sequence = syntheic construct 
<400> 2 

gtggaacgtg taatgttcat gatgaaatgt atccttgaca gccgatgag gtccgtatcc 60 
ttgacagccg atgaggcac 79 

<210> 3 
<211> 81 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 



60 



<400> 3 

aagaactata ttgtctttct gagcggataa caagacacac aggatacagt atgacatgat 
tacgatgatt ccaccttctc c 81 

<210> 4 
<211> 52 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 
<400> 4 

aaaaaaaaaa aaaaaaaaaa aaaaacgtca tcatgaacat tacacgttcc ac 52 

<210> 5 
<211> 81 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 
<400> 5 

aagaactata ttgtctttct gagcggataa caagacacac aggatacagt atgacatgat 60 
tacggtgatt ccaccttctc a 81 
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<210> 6 

<211> 45 • y 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 
<400> 6 

aaaaaaaaaa aaaaacatgt tgttacacag ctgaggatag gacat 45 

<210> 7 
<211> 18 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 
<400> 7 

tcagaactca cctgttag 18 

<210> 8 
<211> 18 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 
<400> 8 

actgtgaaga tcgcttat 18 



<210> 9 
<211> 25 
<212> DNA 

<213> Description of Aritificial Sequence = syntheic construct 
<400> 9 

gcatccttga cagccgatga ggctg 
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